I ntroduction
Growth rate is of major economic importance to the commercial cattle industry. Consequently, some measure of growth is included in most breeding programs developed by cattle breeders. Weaning and yearling weights are two of the more widely used measures of growth. The purpose of this study was to determine the direct and correlated genetic changes achieved by selection for increased weaning weight (WW) or yearling weight (YW) in Hereford cattle.
Materials and Methods
Two Hereford selection lines and an unselected Angus control line were established with first selections made in 1964. Selection continued through the 1978 calf crop. One Hereford line was selected for increased WW (WWL, and the other for increased YW (YWL, 365-d adjusted weight for bulls and 425-d adjusted weight for heifers). Individuals with minimum selection differentials for both WW and YW were kept as replacements in the control line (eL). Each line was maintained at 50 cows and four bulls per year. Two bulls, which were used for 2 yr, and 10 heifers were selected in each line each year. Performance traits measured on all calves were: birth weight (BW), preweaning daily gain (WDG), WW, weaning conformation grade (WG), weaning condition score (WC), weaning to yearling daily gain (YDG), YW, yearling conformation grade (YG) and yearling condition score (YC). Details of line formation, management practices, data adjustment procedure and measurement of selection applied are presented in the first paper of this series (Frahm et al., 1985) . 1385 JOURNAL OF ANIMAL SCIENCE, Vol. 60, No. 6, 1985 A complexity in measuring genetic changes from selection occurs because phenotypic changes are due to both genetic and environmental factors. Falconer (1981) suggested that maintaining an unselected control population contemporaneously with the selection lines could effectively separate genetic from environmental changes. Hill (1972a,b) discussed the theoretical considerations and provided experimental evidence about the usefulness of unselected control populations. Sorenson and Kennedy (1984) indicated that least-squares estimates of selection response measured as deviations from a control are unbiased providing the phenotypic records have been properly adjusted for known fixed effects.
Genetic responses were determined by two methods. Method I was deviation of the phenotypic mean performance of each selection line from the phenotypic mean performance of the CL. Method II was deviation of the phenotypic mean performance of each selection line from the mean environmental effect. The mean environmental effects were obtained from multiple regression procedures as described by Richardson et al. (1968) for the analysis of short-term selection experiments. This procedure uses all data available on all lines or populations that are managed contemporaneously to estimate yearly environmental effects. For this purpose, in addition to the three lines described in this study, three other 50-cow Angus selection lines (one selected for WW, one selected for YW and one selected for WW based on progeny test data) were included.
The model used to estimate yearly environmental effects was: Vijk = ai + ~bj + Zjk/3 k + Eijk, where Yijk = mean performance of the k th line in the jth year from the i th base or foundation popution, ~i = effect of the ith base or foundation population, in this case, Hereford and Angus,
---environmental effect of the ~J jth year, Zjk --mean midparent cumulative selection differential (CSD) for the k th line in the jth year, /3 k = regression of genetic response on CSD for the k th line (when Yijk is the primary trait, /3 k is realized heritability, and when Yijk is a secondary trait, #k is the regression of correlated response on CSD) and Eli k = random error assumed to be independently distributed with zero mean and variance = OE2 " Ordinary weighted least-squares procedures were used where each mean was weighted by the number of observations in the mean. Analyses were conducted two ways for each sex and trait. Method A assumed the CSD of the CL were 0, and method B used the actual CSD that occurred in the CL for either WW or YW. Including WW or YW CSD for the CL provides estimates of realized heritability adjusted for CSD in the CL for WW or YW, respectively.
Genetic responses by methods I and II were determined for each sex separately and also averaged over sexes. To provide the best measure of average response over time, yearly genetic responses were regressed on year as suggested by Falconer (1981) . The genetic trend averaged for the two sexes was used to estimate total genetic change in 1978 after 14 yr of selection. Responses per generation were estimated by dividing total response by 3.22 generations of selection that had occurred by 1978 (Frahm et al., 1985) . Responses per generation were expressed in standard measure by dividing by the pooled within selection line-year-sex phenotypic standard deviations.
Realized heritabilities for WW and YW were estimated by the regression of genetic response on CSD. Genetic correlation between WW and YW was estimated by the square root of the product of correlated responses/year divided by the product of the direct responses/year (Falconer, 1981) .
Crossbred Progeny Test. At two different stages of the experiment, bulls from the selection lines were mated to Angus cows to provide additional evaluation of genetic changes in the selection lines. The first involved using frozen semen from two foundation sires and the two selected sires in WWL and YWL from the 1970 calf crop on a herd of Angus cows to produce calves in 1972. Progeny number from the selected bulls was limited due to a poor conception rate from the frozen semen obtained from the young, selected bulls. Thus, the data were analyzed considering the young, selected sires as one group compared with the foundation sires. Ordinary least-squares means were determined from a model that included the fixed effects of selection group, sires within selection group and sex of calf. Comparison of progeny means from selected and foundation sires provides an estimate of genetic change due to selection.
The second stage involved mating the three highest-ranked bulls in WWL and YWL from both the 1976 and 1977 calf crops (six bulls/ line) to a herd of Angus cows to produce calves in 1979. Least-squares means were determined from ordinary least-squares procedures. The full model for traits through yearling age included the fixed effects of line, sire within line, sex of calf and line x sex interaction. Age of dam was included as a covariate. The full model fox feedlot and carcass traits included the fixed effects of line, sire within line, sex of calf, pen within line and line • sex interaction. Leastsquares means were determined from reduced models in which nonsignificant effects were eliminated. Comparison of progeny means provides an evaluation of genetic difference between WWL and YWL.
Management and procedures of these progeny test cows and their calves were the same as for the selection lines except that the bull calves were castrated. After weaning, calves sired by foundation and selection line sires in 1972 and the terminal calves sired by WWL and YWL sires in 1979 were placed in the feedlot and fed ad libitum a corn-based (IFN 4-02-931) finishing diet and slaughtered as each animal attained an anticipated low Choice carcass grade. More details are presented by Stanforth (1974) and Chenette (1981) .
Milk Production. It has been speculated that selection for increased WW may result in more selection pressure for increased milk production than would selection for other growth traits such as YW. To compare milk production of WWL and YWL cows at the end of selection, milk production was measured on the mature cows (5 yr old and older) in 1979. The time 4 Aeepromazine. s Syntocin. and effort required to milk range cows with a milking machine limited the number of cows that could be measured. Thus, only mature cows were involved in the evaluation. Lactational performance was measured monthly from April through September on 18 cows in WWL and 17 in YWL. At the time of each monthly measurement, calves were separated from their dams for 6 h, allowed to suckle their dams and then separated again for an average of 12 h. Cows were given an im injection of 10 to 20 mg (depending on size) of a tranquilizer 4 approximately 15 min before milking. Immediately before milking, cows were injected with 1.5 mg of a synthetic oxytocin s in the jugular to induce milk letdown. Cows were milked with a portable vacuum pump milking unit. Milking time varied from 5 to 10 min, followed by hand stripping each teat to assure complete milkout. The milk was weighed and two samples taken, one for butterfat analysis and the other for protein and total solids analysis. Butterfat was determined by a milk-o-tester at the University milk testing laboratory. Protein was determined on duplicate samples by a method described by Udy (1956) and Ashworth et al. (1960) . Samples were dried for 4 h in a 100 C oven to determine total solids.
Milk production traits were analyzed by ordinary least-squares procedures using a full model that contained line, sex of calf, age of dam and line x sex and line • age of dam interactions as fixed effects. Calf birthdate was included as a covariate. Least-squares means were determined by reduced models in which nonsignificant effects were deleted.
Results and Discussion
Phenotypic trends per year are presented for each line in table 1. Growth traits exhibited a negative phenotypic trend for all three lines; however, there was a larger decline in CL. This indicates a negative environmental trend at this experiment station over the 15-yr period of this study. There was a general trend for hotter and drier climatic conditions as the study progressed, which could have resulted in a reduction in forage availability. Also, there was some reduction in the land area assigned to this experiment during the course of the experiment. Phenotypic trends for conformation and condition were positive in all lines. In view of the negative trends for growth traits, this probably indicates an upward bias over time on the part of the scoring committee in making these subjective evaluations.
Genetic trends per year, measured as deviations from CL (method I) or as deviations from environmental means (method II) are presented in table 2 for each sex separately and averaged over sex for WWL and YWL. In general, genetic trends followed a similar pattern for both methods and for both sexes. Method II used all data in six contemporary lines to estimate the random yearly environmental fluctuations with more precision, as evidenced by the smaller standard errors on the regression coefficients. The model used for method II also removed the effect of breed from the yearly environmental estimate 9 The close similarity in the genetic trends provided by the two methods suggests that the Angus CL was an adequate control for the Hereford selection lines and that the necessary assumption of no breed • environment interactions apparently was satisfied.
Averaged over methods and sexes, the genetic improvement in WW was 1.025 and .905 kg/yr and in YW it was .545 and 1.025 kg/yr for WWL and YWL, respectively. The correlated response in WW from selection for YW was 88% as large as from selection directly for WW. Conversely, correlated response in YW from selection for WW was 53% as large as from selection directly for YW. Unfortunately, the estimated genetic change in BW also increased by .27 and .24 kg/yr in WWL and YWL, respectively. Slight positive genetic responses were observed in both lines for WG, WC and YG, with essentially no change in YC.
Selection intensity in cattle populations is controlled largely by reproductive rate, and thus intended selection pressure is similar among cattle selection experiments. The direct genetic response from selection for YW obtained in this study was less than the 4.4 and 2.8 kglyr increase in YW of Shorthorn bulls and heifers reported by Newman et al. (1973) . Fahmy and Lalande (1973) Chevraux and Bailey (1977) reported increased WW in Hereford lines of.17 o/generation as a correlated response to selection for postweaning rate of gain, which is similar to the correlated response in WW in the YWL of this study. However, Anderson et al. (1974) reported a higher correlated response for WW in a Shorthorn line (.10 e/yr) from selection for YW, assuming a similar generation turn-over. Nelms and Stratton (1967) CUnits of measure as indicated by each trait.
dstandard measure is response divided by the pooled within line-year-sex phenotypic standard deviation.
econformation grade on a 17-point scale, with 13=average choice. fCondition score on a 9-point scale, with l=very thin and 9=very fat.
The relatively low genetic response for YW appears to be due largely to a reduced genetic response in YDG. The genetic change/generation in YDG was only -.025 and .035 o/generation for WWL and YWL, compared with .21 and .40 o/generation obtained by Buchanan et al. (1982) . This lower response in YDG was due largely to the negative genetic trend in YDG of heifers (table 2) . Compared with the postweaning gain test in feedlot for the bulls, heifers were maintained at a much lower level of nutrition, which also fluctuated greatly from year to year. This environment was apparently not as suitable as the feedlot environment for comparing genetic differences for growth rate. In addition, alternate heifers were frequently selected when top-ranked heifers failed to conceive during the first breeding season (Frahm et al., 1985) . Also, a high incidence of respiratory infections during the postweaning feeding phase for bulls plagued this study most years. This may have adversely affected genetic comparisons among bulls for postweaning growth and caused reduced accuracy of selection for YW.
Birth weight increased at the rate of .29 and .26 o/generation in WWL and YWL, which was similar to the .26 and .27 o/generation obtained in WWL and YWL of the Nebraska study (Buchanan et al., 1982) , .25 a/generation reported by Brinks et al. (1965) and .07 o/yr reported by Anderson et al. (1974) . Such increases in BW would not usually be desired because of the potential for increased dystocia and calf death loss. Intentional selection against BW in an index should be effective in avoiding major increases in BW as a result of selection for increased growth rate.
Realized heritabilities for WW and YW, estimated from the regression of selection responses on CSD, are presented in table 4. Method Ia and lla are unadjusted for CSD of the CL, and Methods Ib and lib are adjusted for the small amount of CSD that occurred in the CL. Adjusting for CSD of the CL seems appropriate in this case because some deliberate selection had occurred in CL before its being converted to an unselected control (Frahm et al., 1985) . In all cases, the realized heritabilities were increased when adjusted for the CSD in the CL, with the largest increase occurring with method II. Considering methods Ib and IIb (adjusted for the CSD in the CL), the average realized heritabilities were .23 for WW and .15 for YW. This is comparable with the paternal half-sib heritability estimate for WW of .21 reported from the Nebraska study, but lower than the .30 heritability estimate for YW (Buchanan et al., 1982) . Estimates from both of these selection studies are lower than the average heritability estimates of .31 for WW and .39 for YW from other studies (Woldehawariate et al., 1977) . This atypically low estimate of realized heritability for YW reflects primarily the limited genetic increase in YW that resulted from the relatively small increase in YDG, particularly in heifers (table 2) .
Estimates of the realized genetic correlation between WW and YW calculated from direct and correlated responses determined by methods I and II were .70 and .68, respectively. This is in close agreement with the paternal half-sibs estimate reported by Buchanan et al. (1982) of .68, when averaged over both sexes. It is also comparable with the estimated genetic correlation between WW and final feedlot weight (.73) and higher than that between WW and feedlot 1970 selected sires was collected from yearling bulls soon after they had reached puberty. The semen failed to freeze properly and a lowerthan-expected pregnancy rate resulted among cows receiving this semen. Thus, the number of progeny from the four sires selected in 1970 was about one-half as many as planned. Phenotypic performances in the two lines at that time were very similar, indicating little if any difference in genetic responses in WWL and YWL. Thus, the comparison was between progeny of selected sires (WWL and YWL combined) and progeny from foundation sires to evaluate the genetic change from selection for WW and YW. Progeny from selection line sires were 1.68 kg heavier (P<.IO) in BW, were 13.1 kg heavier (P<.05) in WW, gained 77.1 g/d more rapidly (P<. 10) from weaning to yearling and, although not statistically significant, were 24.5 kg heavier in YW. Progeny numbers were insufficient to utilize these comparisons for estimating the magnitude of genetic responses with much precision. However, they are sufficient to provide independent evidence corroborating that substantial genetic increases for growth rate had occurred, as a result of selection for WW and YW.
Least-squares means for traits through yearling age of progeny sired by WWL compared with YWL sires selected from the 1976 and 1977 calf crops are presented in table 6. The only traits that showed a difference approaching significance were WDG and WC, for which progeny from WWL sires had an advantage of 36.3 g/d and .3 units (P<.10).
Least-squares means for feedlot and carcass traits for progeny from WWL compared with YWL selected sires are presented in table 7. bKidney, pelvic and heart fat.
CMarbling score: 4=slight and $=small. Overall performance was similar for progeny of WWL and YWL sires. The intended slaughter point of low Choice carcasses was achieved very well for progeny from WWL sires; however, the progeny from YWL sires were sent to slaughter a few days prematurely. Progeny from YWL sires averaged 17.2 kg heavier (P<.IO) in slaughter weight and 14.5 kg heavier (P<.05) in carcass weight. Progeny from WWL sires had .5 units higher (P<.05) marbling score and consequently .5 unit higher (P<. 10) carcass grade. The similarity in overall performance through slaughter of outcross progeny sired by WWL and YWL selected sires provides independent corroborating evidence that overall differences in direct and correlated responses to selection for WW or YW were not large.
Least-squares means for milk yield and composition traits of mature cows in WWL and YWL at the end of the selection period are presented in table 8. The only trait that differed significantly between the selection lines was butterfat percentage, which was .4% higher (P<.10) in milk from YWL cows. It is commonly assumed that selection for increased WW may increase the frequency of those genes enhancing milk production. However, this is tempered by the negative genetic correlation between maternal environment and individual preweaning growth rate found in several studies and averaging -.50, as reported by Koch (1972) in a review paper. This similarity of milk yield and composition from cows in WWL and YWL indicates that whatever genetic changes that did occur for milk production as a result of selection for WW or YW were comparable.
Conclusion
These results indicate that WW and YW of cattle can be genetically increased by selection and strongly imply that selection for WW or YW should result in improved growth rate at all stages of growth. The high genetic correlation between WW and YW (.69) will allow breeders to use WW as an effective early culling procedure even if the primary selection objective is postweaning growth performance. In selection programs to increase growth performance, some attention should be given to minimizing the correlated response of increased BW.
